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The safe and reliable generation and transmission of electricity is the 
desirable factor for utilities which arises the need of protection equipment 
such as relays in the power systems. According to recent studies, the 
conventional relays are not able to provide the required protection to the 
power systems, resulting in the emergence of various artificial intelligence 
(AI) techniques such as (i) artificial neural network (ANN); (ii) adaptive 
neuro fuzzy interface system (ANFIS); and (iii) fuzzy logic based relays for 
the protection. This work presents the protection scheme for transmission 
lines using various AI based distance relays along with performance 
comparison of these relays with a conventional numerical distance relay 
(NL). The comparison analysis has been performed by generating a test 


Fuzzy logic model in the MATLAB/Simulink environment and comparing “response 
Protection time” against the same fault occurence for all relays. The comparison 
Relay analysis found that AI based relays outperformed than conventional relay in 
terms of response time and accuracy level against the faults. 
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1. INTRODUCTION 

Protection is an essential feature of the power systems and for that reason various protection 
equipment are being used in order to ensure secure and safe operation of the power system. Relays are the 
devices which are extensively used to provide protection in the power systems and they play a vital role in 
the fault detection and isolation. Normally, a relay is an electromechanical device and its switching operation 
is combination of both electronic and mechanical components. Unfortunately, this electromechanical 
combination in the relay leads to the time delay between an action taken and the response of relay, which 
may be called as the “response time” of relay. Response time has a crucial importance in the parameters of a 
relay and a minimum response time is usually desired from the protection equipment for an effective 
protection. There are various type of relays but distance protection relay is extensively used in the power 
networks and transmission lines for providing safety and protection. This relay detects the fault by change in 
the line impedance due to fault occurrence. Whenever a fault occurs, the distance relay decreases the line 
impedance and thus the relay detects the fault by comparing this change in impedance with a predefined 
threshold value of impedanc. So, as soon as the impedance change occurs in a transmission line, the distance 
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protection relay responds to fault condition and takes action according to the change in the set-point(s) [1], 
[2]. There are three types of distance protection relays based on their working principle namely reactance 
type, impedance type and mho type. Reactance and impedance type are non-directional relays but mho type 
is directional. The above mentioned three types of relays are used in various types of transmission lines 
depending on the situation and conditions of the environment [3]. Apart from the benefits of the distance 
protection relays, there are many other challenges as well which are associated with the effective 
implementation of the distance relays. For instance, the signals of current and voltage from the distance relay 
may contain some DC component and harmonics in addition to the fundamental frequency. These associated 
issues with the distance relays make them unsuitable for effective protection of the power systems. That’s 
why for the purpose of phasor extraction, various methods such as discrete fourier transform [3], symmetrical 
components [4], kalman filtering [5] and orthogonal expansion [6] can be used. In addition to that, another 
technique to measure positive sequence incremental impedance has also been presented in the previous works 
as well [7]. This implies that conventional electromechanical distance protection relays may generate long 
“response time”, which is not desirable for the effective protection of the power systems. Whereas, in case of 
advanced protection relays, other methods such as differential equations and mathematical operation are used 
to calculate the impedance, which are obviously more accurate and fast methods. Overall, this can be 
deduced from the above discussion that the distance protection relays have various categories of mis 
operations and even solution to these mis operations cannot eliminate the associated challenges completely 
[8]-[11]. Consequently, it can be concluded that conventional methods of distance protection relays have 
some limitations in the optimum operation of relay and thus fail to provide better protection. 

Keeping in view the issues associated with the conventional distance relays, the protection 
technology of the power systems is adapting artificial intelligence (neural networks, fuzzy logic) for the 
relays to enhance the protection levels of the relays. Artificial intelligence (AI) provides good solution for the 
power system protection in terms of the selection and the decision taking for the distance relaying. Among 
the various AI protection techniques, it has been observed that fuzzy logic control in relays provides very fast 
and accurate performance because there is no need to solve mathematical equations in fuzzy based system 
[12], [13] as required in the other techniques. However, there is another type of AI protection technique, 
named as ANFIS relaying, in which fuzzy logic is used to define the linear operating regions and the fuzzy 
logic controller is implemented in neuro fuzzy network. This technique has advantage over the fuzzy logic 
controller because simple fuzzy logic controller does not provide training of the system which in fact helps in 
the effective detection of faults. Thus, it might be said that AI based distance relays are designed with trained 
data set for specific output and usually provide very accurate results. 

In this proposed work, in order to improve and examine the protection level of transmission lines, 
various AI based distance relays have been investigated because they have shown tremendous improvements 
in the performance of many systems in recent years [14]-[16]. Moreover, in this paper a performance 
comparison has been performed between conventional distance relay (NL), fuzzy logic based distance relay 
(FLR), ANFIS and artificial neural network (ANN) feed forward based distance relays in order to check their 
response time towards faults and levels of accuracy. For the said purpose, a simulation model for the 
protection is generated in MATLAB/Simulink environment and comparison is performed between all four 
types of relays based on the response time and accuracy to the same fault level. 


2. METHOD 

In order to perform the analysis and comparison of various relays, a simulation model of the 
transmission line is generated in MATLAB/Simulink as shown in Figure 1(a). The network model for the 
simulation has adjacent transmission lines of 240 kV and the relay to be tested is located at bus 1. The 
comparison has been performed by placing the various relays at the position of relay at bus 1 in the model 
and then evaluating the system against the same fault for each relay. The model has been distributed in 3 
zones as shown in the figure. The test relay operates by obtained voltage and current values from current and 
voltage transormers (CT and PT) on bus 1, which are passed through 2nd order anti-aliasing low pass filter 
before applying to relay as described in the Figure 1(b). The details of the AI based relays simulated in the 
provided simulation model are given as: 


2.1. Fuzzy logic based distance relay 

The first relay to be used in the simulation model is the FLR. For the fuzzy interface system in FLR, 
a Mamdani interface is chosen because it provides simplified controller designing. The basic feedback 
control scheme has been used for the implementation of the fuzzy logic controller because in this scheme the 
threshold impedance is monitored and compared continuously with the output impedance unless difference 
reduces drastically, as provided in [17]: 
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(Z+1)=2Zn- Z| Zm-Z) > 0 (d) 
(Z +1) = Zn- Z|(Zmn-2)= 0 (2) 


Where Z is the obtained impedance and Za is the threshold value of impedance. 


(b) 


DISTANCE RELAY 


BUS 1) 


eee = Z0NEL 
— ZONE2 Bus 1 Bus2 


—— ZONE3 


Figure 1. The complete figure of simulation model as developed in MATLAB (a) the simulation model of 
transmission line along with zones details and location of the testing relay and (b) the complete diagram of 
simulation model with the testing relay 


The relay control has been designed according to the operational determinants in our protection 
network i.e.; current, voltage, and impedance. The controlling current parameter is the over-current of FLR as 
safety action will be taken depending on the occurrence of overcurrent due to the fault. On the other hand, the 
control parameters of voltage for this FLR will be either under-voltage or over-voltage. The very first step for 
implementing the fuzzy logic scheme is the fuzzification which involves converting crisp or traditional 
parameters into fuzzy parameters, acceptable for fuzzy operations and processing. In this work, triangular 
membership functions are used for FLR due to their simplicity, low-memory space requirement and ease of 
adjusting control output functions. The fuzzy rules have been developed in such a way that, when current is 
very high and voltage is low the relay is open while on the other hand when current is low and voltage is high 
the relay should close. Whereas, there can also be intermediate operating conditions for these relays and the 
fuzzy rules should be designed while taking into account such situations. For the FLR controller, the internal 
operations have been shown in the Figure 2(a) and these operations are based on the developed fuzzy rules. 
In the Figure 2(b) the three-dimensional view of the relay operations have been explained with three 
dimensional image. Defuzzification is the last step of fuzzy logic-based controller and the defuzzification 
converts a fuzzy quantity into a precise quantity. The centroid method (center of the area) has been used in 
this work for the said purpose. These output values act as the actuating signal for the operation of relay. 
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Figure 2. Fuzzy logic based control in relay (a) the performance diagram of the fuzzy logic controller with 
internal operations and (b) three-dimensional view of the fuzzy logic based relay operations 
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2.2. Adaptive neuro fuzzy interface system 

The next AI based relay selected for the performance comparison is adaptive neuro fuzzy interface 
system (ANFIS). ANFIS is a multilayer method that uses neural network learning algorithm and fuzzy logic 
reasoning. The ability of the fuzzy logic system to unify values with the neural network capability to adopt 
numerical value, has made ANFIS good in performance for modeling and updating the systems [18]-[24]. 
The ANFIS has five layers for operations discussed. In the first step of fuzzification, the node of functions 
having membership degree which include compatible fuzzy are set by using membership functions as 
provided here [25]: 


Oi. = Ha, (x) for i=1,2 (3) 
0i 1 = Hg;_, 0”) for i=3,4 (4) 


Where x, y are crisp inputs to the node and A;, Bi 


ajy-u . 
Ye If u- ai <u < ain 
Mai = 41- a if au Su < an + ai (5) 
0 otherwise 
biz-v . 
1--5 tf ba — biz <v < bia 
.= v—-biz . 
het = 91-78 if by Sv < bn + bis (6) 


0 otherwise 


Where {a;, bi, Ci} are the parameters set for membership function in premise part of fuzzy. After that, there is 
“if-then” rule that changes shape of membership functions (voltage, current and impedance) and the 
membership function can be of any shape such as triangular, gaussian and trapezoidal. The membership 
function for ANFIS in our case is of triangular shape. The ANFIS model has been presented in the 
Figure 3(a), where each input has been distributed into five triangular fuzzy members while 25 rules have 
been generated with MATLAB neuro fuzzy toolbox. In the figure, the blue dots are depicting the “AND” 
functions and these functions correspond to a certain neuron. The Figure 3(b) represents the internal 
operations of the ANFIS controller based on the developed operational rule. Whereas, the Figure 3(c) is 
showing the ANFIS rules as developed by neuro fuzzy system and there is a specific impedance value for 
each value of the voltage and current. 


2.3. Artificial neural network feed forward based relay 

The third AI based relay selected for the comparison purpose is ANN feed forward relay. In this 
technique, the ANN is neural system which resembles with the biological brain. It has three layers composed 
of input layer, hidden layer and output layer. The input given to the system is in the form of commands, 
database and different codes. In the hidden layer, processing is done using iteration called epoch and during 
each epoch the evaluation of each process is performed. Figure 4(a) shows the structure of ANN feed forward 
implementation inside the relay and the Figure 4(b) provides the image of detailed neural network for the 
distance relay. In this network, there are two inputs of the current and voltage and output value is impedance 
which has been obtained by corresponding value of current and voltage available at the input. The whole 
system is trained in order to detect faults and the performance function of ANN is mean square error (MSE). 
For this work, in order to train the network 2500 sample were taken and the corresponding figure shows that 
there is less chance of error because of small error value in the proposed scheme. 

The testing, target and training of the data has been provided in the Figure 5. The regression plot of 
the ANN feed forward relay as shown in Figure 5(a) presents the training of given data with target output 
while the Figure 5(b) presents the validation of given input data with target value. Figure 5(c) shows the 
testing of given data with target output and Figure 5(d) depicts the overall comparison of input given data 
with target output value. In the Figure 5, the dot circle represents data and solid line represents fit line. If the 
data is above the line then it is accurate and if the data is below line than there is error. It is evident from the 
figure that most of data is trained in an accurate way. 
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Figure 3. Adaptive neuro fuzzy interface system (ANFIS) implementation for relay control (a) the planned 
structure model of the ANFIS control in distance relay, (b) the three-dimensional view of the ANFIS relay 
operations and (c) the relation between current and voltage for specific zone protection 
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Figure 4. ANN feed forward implantation model for relay control (a) the implementation model of the ANN 
feed forward inside the distance relay and (b) the detailed image of the neural network of the distance relay 
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Figure 5. Regression plot of ANN feed forward relay (a) training of given data with target output, (b) the 

validation of given input data with target value, (c) the testing of given data with target output, and (d) the 
overall comparison of input given data with target output value 


3. RESULTS AND DISCUSSION 

In order to compare the performance of the above mentioned relays, the simulation has been 
performed in MATLAB/Simulink for the provided simulation model in the Figure 1. The comparison is 
performed for the same type of symmetrical fault and for the same location in the network (as shown in 
Figure 1) while keeping the loading conditions constant. The working algorithm for the fault detection using 
AI technology for distance relaying has been provided in the Figure 6. This is evident from the algorithm that 
fault is detected by the change in the impedance and then various AI methods are subjected accordingly for 
the generation of trip signals. 

The simulation model system has been simulated every time for the same fault by replacing the 
relay only in order to perform a comparison. For the comparison purpose, the response time of each relay is 
recorded towards the same fault (line to ground) in order to find the fastest response relay against faults. The 
obtained results have been summarized in Table 1. It is clear from the comparison that the ANN feed 
forwards relay outperformed as compared to remaining three relays with the response time of 1.025s. 
Whereas, the simple conventional relay showed the longest response time and thus cannot provide good 
protection. On the other hand the other AI based relays (FLR and ANFIS) provide response time faster than 
numerical relay but slower than ANN feed forward relay. Furthermore, it can be deduced from above stated 
that ANN feed forward relays can provide fast and better safety in the system against the faults due to quick 
response and quick isolation of fault and ultimately providing better protection to the system. 
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Figure 6. The working algorithm for the fault detection in the AI based distance relays 
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Table 1. The comparisons of response time for different relays 


Relay type Time (s) Time (cycle) 
Numerical relay (NL) 1.065 63.9 
Fuzzy logic relay 1.055 63.3 
ANFIS 1.03 61.8 
ANN feed forward relay 1.025 61.5 


The Figure 7(a) represents the comparison of the fault currents from the current sensors while the 
insert image presents the zoomed-in view of the current from different relays in order to get the better picture 
of the comparison. It shows that ANN based feed forward relay will operate quickly than other relays and 
current become zero after clearing fault faster. Whereas, in case of other relays the response is slow and 
current does not drop to zero as quickly as in the case of ANN feed forward relay. The Figure 7(b) presents 
the accuracy level of relays (ANN, ANFIS, FLR and NL) calculated in different zones of the network. It is 
found that accuracy level of ANN feed forward relays in zone 1 is 97 %, and ANFIS is 93 %, which is 
obviously higher that FLC and numerical relay that stand at 89% and 80% respectively as can be visulaized 
in the Figure 7(b). In zone 2 for different types of faults, the results showed accuracy level of 93.5 % for 
ANN feed forward, 89%, for ANFIS, 85% for FLC and 75 %. for NL in zone 3 the accuracy level stands at 
87%, 83%, 83% and 70% for ANN, ANFIS, FLC and NL respectively. 
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Figure 7. The comparitve study of different relays under fault occurrence (a) the comparison of the fault 
currents of different relays after tripping the circuit breaker (the insert image shows the zoomed view of the 
currents for a better comparison) and (b) the accuracy levels of various relays in different zones of the 
transmission line network 


4. CONCLUSION 

Overall, this paper presents the implementation of AI approaches in the distance relaying for the 
protection purposes along with the performance comparison of various AI based relays in the transmission 
lines model. In this work, within a single zone of network, protection comparison for a certain fault is 
performed between ANN feed forward, ANFIS, FLR and conventional distance relay. From the obtained 
results, it is evident that the ANFIS and ANN feed forward perform more accurately and fast as compared 
with FLR and conventional numerical relays under fault occurrence. However, the ANN based feed forward 
technique is found to be more faster than other AI based techniques for the protection purposes. It is also 
worth mentioning that, the AI based relays are better and faster than conventional numerical relays in terms 
of response time and accuracy of the faults detection. 
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